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SLJMURY

An experimentalinvestigationwasperformed

Rliiwitiui:....—
oi440a8” -.

.- .-

BmARY-LAYER-

mER 2.96

atMch number2.96to
studytheeffectsof someinternalboun–&wy-layer-controlsystemson
thepressurerecoveryandstabilitycharacteristicsofa sideinlet
employinghalfa double-shockexternalcompressionsurface.External
boundary-layerremovalwasprovidedwithwedgedivertersystems.
Internalboundary-layerremovalwasobtainedfromporousbleedsections
locatedat theinletthroatonthespikecenterbodyandonthefloorof
theinletbetweenthecenterbodyandtheinletcowl.Becauseofthe
geometryofthemodel,floorsuctioncouldbe appliedonlyforthecase
of zeroexternalboundary-layerremoval.

Centerbodybleeddidnotappreciablyimprovetheperformanceofthe
inlet,andthemaximumpressurerecoveryobtainedwas62percent.How-
ever,thetotalpressurewasincreasedfrom35 to 48percentwhenthe
floorbleedsystemwasusedforthecaseof zeroexternalboundary-layer
removal.

.Subcriticalshockstabilitywasnotincreasedby theuse ofinternal
bountiry-layerbleed.However,itwasindicatedthatstabilitycould
be increasedby theinjectionofhighpressureairalongthesurface
ofthesecondcompressioncone,therebyaddingenergyto thecone
boundarylayeranddecreasingitstendency
throughtheinletterminalshock.

INTRODUCTION

A largeportionofthetotal-pressure
inductionsystemat supersonicspeedsisa

to separateuponpassing

lossesoccurringinan air
resultofviscouseffectsin

theinternalflowpassages.Theboundarylayer,whichbuildsup onthe
external.compressionsurfacesoftheinletorentersbecauseof insuf-
ficientexternalboundary-layerremoval,maycausediffuserlossesbe-
causeof (1]theinherentlowtotalpressureoftheboundary-layerair,
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or (2)interactionbetweentheboundarylayerandthemainstream.This
interactionmayoccurat theterminalshockandpreventlocationofthat P
shockat its
thediffuser
additionmay
exit.

A basic

designposition;separationatthispointorfartherinside
reducestheeffectivenessofthesubsonicdiffuserandin
resultinunsatisfactoryvelocityprofilesatthediffuser

approachtominimizetheseinternallossesistoutilize
internalbound=~y-layercontrol.Internalboundary-layer-removalscoops
andflushslotshavebeenusedsuccessfully ona double-shock,external.-
compression,two-dimensionalinletinreference1.

Themainpurposeofthisreportistopresenttheresultsofan
experimentalinvestigationontheeffectivenessofporousinternalbleed
sectionsforELsideinletmodelatMachnumber2.96.Themodelchosen
wasa half-conical,double-shockinletwhichwaspreviouslydescribed
inreference2. Theresultsofanotherstudywereusedtolocatethe
bleedsurfaces;inreference3 a tuftstudyoftheinternalflowofa
half-conicalsideinletwithexternalboundary-layerrmovalrevealed
thatboundary-layerseparationoccurredonthecenterbodyandalsoupon
partoftheinletfloorbetweenthecenterbodyandtheinletcowl.
Porousbleedsectionswerethereforelocatedat theinletthroatonboth
thecenterbodyandtheinletfloor.

Additionaltestswereconductedbrieflytodeterminetheeffective-
nessofflowinjectionalongthesurfaceofthesecondcompressioncone
asa meansofattainingsubcriticalshockstability.

Thesetestswereconductedinthe18-by 18-inchMachnumber3.05
tunnelattheNACALewislaboratory.

SYM80LS
Thefbllowingsymbolsareusedinthisreport:

A area

d wedgebasedimension,4.88in.

h boundary-layer-removalheight

h/6 dimensionlessboundary-layer-removalparameter

2 distancefromspiketiptowedgetip,2.34orO in.

Z/d wedgepositionparameter,dimensionless

—

—
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—

-
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m massflow,pVA
P3V3%

%/”() mass-flowratio,POVOAO

P totalpressure

P staticpressure

v velocity

aw includedangleofboudary-layer-remotiwedge

5 boundary-layerthicbess1/2inchupstreamofspiketip,
distancefromflatplatewherevelocityisequalto 0.99
free-streamvelocity,0.237in.

M“o
2 P density
y
H Subscripts:
o

0 freestream
*

3 exitrakestation(modelstation28.0)

* BL bleed

g spikegap

i injectedair

APPARATUSANDPROCEDURE

Model.

Themodelforthepresentbleedtestswasa half-conical,double-
shocksideinletmountedona flatplate;externalboundary-layer
removalwasprovidedby meansofwedgedivertersystems.Thepresent
modelhaspreciouslybeendescribedinreference2 andincorporatesthe
optimumfeaturesofthevariousconfigurationsofthatstudy:(1)a
constant-areathroatlengthof2 inletradii,(2)a boundary-layer
splitterplatewithleadingedgessweptfromthespiketipto theinlet
lip, and (3)twowedgediverterconfigurations;namely,a 30°wedge
ha-~ngan-apexthatcoincidedwiththetipof
face,anda 50°wedgehatingitsapexlocated
thetipofthecone.

m

k

theconecompressionsur-
2.34inchesdownstreamof
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A schematicdrawingofthemodelispresentedinfigure1. The
spikecenterbodyischaracterizedby a 2-inchconstant-diametersection
betweenmodelstationsO and2.0. Severalporousbleedsectionswere
installedinthisconstant-diametersectionsoas tovaryboththe
amountand,toa limitedextent,thelocationofthebleedsurfaces.
Thesebleedsectionsareindicatedinfigure2,whichpresentsa view
ofthespikecenterbodyanditscomponents.Intheconstant-diameter
regiontherewerefouralternativesections;(1]a 2-inchbleedsection}
(2)al-inchbleedsectionlocatedreu~rdcotiin~ tithal-inchnon-
porousorsoltdsectionlocatedforward(3)a l-inchbleedsection
locatedintheforwardposition,and(4\a solid2-inchinsert.

Severalbleedsectionswerealsotestedonthefloorofthemodel.
betweenthecenterbodyandtheinnercowllip(seefig.1),anda photo-
graphoftheseispresentedinfigure3. It isseenthatagainthe
locationandamountofbleedsurfacecouldbevaried.Eachporous
bleedsectionusedhereinwasformedfromLektromeshscreenof40 count
and0.0075-inchthickness,andhad36percentopenarea. Thiscom-
merciallyavailablescreenmaterialisnotwovenbutratherisa smooth,
one-piecemetalproductformedby electrodeposition.Noattemptwas
madetovarytheporoussurfaceduringthesetests.

Pertinentbleed-sectionareasarepresentedinthefollowingtable
(ductarea ABL istheareaoftheductat theexitofthebleedmani-
folds):

Bleedsection Totalareaof Operkareaof Ductarea
bleedsurface,bleedsurface, ADLJ

sqin. Sqin. sqin.

Full.centerbody 7.23 2.60 0.61
Partialcenterbody 3.61 1.30 .61
Fullfloor 2.20 .79 .61
Partialfloor 1.22 .44 .61

Bleedairwastakenthroughholesinthemainplateandwascol-
lectedwiththetwoseparatemanifoldsof figure4,fromwhichitwas
ductedoutofthetunnel.RotameterswereusedIn eachbleedductto
measureandcontroltherateofbleedflow.Bleedairwasthenreturned
tothetunneltestsection.

Limitedtestswerealsorun withthetwo-piecespiketipoffigure
5. Thiscomponentwassoformedthatfirstandsecondconecompression
surfaceswereseparatedby a maximumgapof0.06inchjwiththisgap,
theover-alllengthwasthesaneas thatoftheoriginalspiketip. The
compressionshockpatternat theinletlipcouldbe alteredby movingthe
forwardpiecewithrespecttothesecondcompressionsurface.Thiscone
tipwasalsousedwhenhigh-pressureairductedfromtheatmospherewas

s
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injectedalongthesecondcompressionconesurfaceinan
energizetheconeboundarylayerandreducethetendency

% tion,thuspromotingsubcriticalshockstability.

5

attemptto
towardsepara-

Photographsofthemodelmountedinthetunnelarepresentedin
figure6. Figure6(a)representstheconfigurationforno external
boundary-layerremoval,whilefigure6(b)correspondstofullexternal
boundary-layerremoval(h/b>1.0) providedby a 50°includedangle
wedge.Thebleedairductingis evidentinthesephotographs.

Instrumentalion

Total-pressurerecoverywasobtainedfromthearea-weightedreadings
ofa 41-tuberakelocatedat thediffuserex~t. Inletmassflowwas
determinedusingthistotal-pressurerecoverytogetherwiththeassump-
tionofa chokedexit,theareaofwhichwascontrolledwitha remotely
operatedexitplug. Thisinstrumentationisidenticalto thatdescribed
inreference2.

AdditionalinstrumentationincludedstaticorificeslocatedeveryQ 1/2inchonthesurfaceoftheinnercowlliptoai,dinpositioningthe
internalnormal.shockoftheinlet.Staticorificeswerelocatedin

* theductingof eachbleedsystem,theinjectionsystem,andtheoutlet
oftherotameters.

Pertinentareasofthe
lowingtable(thereference
aheadofthegapandisthe
injectedairwasmeasured):

injectionsystem
area + isthe
stationatwhich

ment
type

ISpikegap, Ai, Ag[Ai
in. Sq in. i

arepresentedinthefol-
areaoftheductimmediately
thestaticpressureofthe

Unstableoperationoftheinletwasobservedwithscblierenequip-
andwasmeasuredwithdynamicpressurepickupsthatoperatedpen-
recorders.
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DISCUSSIONOFRESUUl?S

f

InletPerformancewithInternalBleed ●

Presentedinfigure7 isa typicaldiagramof inletperformance
withinternalbleed.Withnobleedflow,littleornosubcritical

.-

stabilitywasobtained;thatis,shockinstabilityoccurredforinlet
mass-flowratioslowerthanthatcorrespondingtothemaximumorsuper-
criticalvalue.Withthemaximumpossiblebleed-flowrate(determined al
by theavailablepressureratioswhentherotameteroutletvalvewas

o+
completelyopen),the-performancecurvewasshiftedtotheleft,indi-

m

eatinga reductioninmassflowdischargedfromthesubsonicdiffuser.
Generallythisreductionofinletmassflowwasnottheresultof stable

.-

subcriticalshockspillage,butratherrepresentedtheamountofb~eed
flow.Theamountofbleedflowwasapproximatelyconstantwhenthein-
letnormal-shocksystemwasdownstreamoftheporousbleedsurface.
However,at thehigherinlettotal-pressurerecoveries,thenormalshock
movedontotheporousbleedsurfaceandthebleedflowgenersllyincreased,

—

as indicatedinfigure7.

Tineintermediateperformancecurvescorrespondtolessthanmaximum
possiblebleedflowandweredeterminedinthesetestsforfixedvalues *
oftherotameteroutletpressure.A peakpressurerecovery,indicated
by thetriangles,wasobtainedforeachintermediatebleedrate;for
inletbackpressuresgreaterthanthosecorrespondingto thepeakpres- W
surerecovery,inletinstabilityoccurred.Someimprovementofthemaxi-
mumpressurerecoverywasgenerallyobtainedby thebleedihgaction,in-
dicatinga reductionoftheinternaldiffuserlossesoverthecasewithout
bleedflow. —

Datapresentedinthisreportareforoperationwithoutbleedflow,
formaximumbleedflowoperation,andtheenvelopeofthemaximumpres-
surerecoveriesat theintermediatebleedrates.Thesupercriticalin-
termediatebleedflowcurves arenotpresented,sincetherotameteroutlet
pressuresusedhereinhaveno significanceforan actualinstallation
whichwoulduse a differentthrottlingsystem.However,thethrottling —
pressureratiosnecessaryto obtainthesebleedratesarediscussed.

Inletperformancewithno externalboundary-layerremoval(h/b,O)
andnobleedflowispresentedinfigure8. Thesedatawereobtained
withthesolidornonporousinsertsinbothcenterbodyandfloorbleed
sections.Thisperformanceistobe comparedwiththatobtainedwith
internalbleedinfigures9 and10;figure9 correspondsto several
centerbodybleedarrangements,whilefigure10 correspondsto combinations
ofbothfloorandcenterbodybleed. —-



Itis indicatedinfigure9 thateachbleedconfigurationoffered
a an improvementintotal-pressurerecoveryratioof0.02to 0.03overthe

correspondingno-bleed-flowcase. It isfurthernotedthatbothinlet
pressurerecoveryandmassflowwereaffectedby theinsertionofbleed
sectionsevenwhenno airwasbled;a comparisonoftheno-bleed-flow
casesoffigure9 withthatoffigure8 indicatesthattheinsertionof
bleedsectionsreducedthecapturedinletmass-flowratioby asmuchas
0.04,whiletotal-pressure-recoveryratioincreasedby onlyabout0.02.

w+
$? Thesameeffectoninletperformancewasobtainedwhena l-inchstrip

ofnumber100Carborundumdustwasputonthecenterbodyto simulatethe
roughnessofthebleedsection.Hence,forthecaseof zeroexternal
boundary-layerremoval,thechangesinperformancenotedwithinsertion
onthebleedsurfaceswereprobablydueonlyto theroughnessofthese
surfaces.

Infigure10,forvariouscombinationsoffloorandcenterbodybleed
sectionsat h/5 of 0, it is observedthatbleedingthroughthefloor
sectionsin comb@ationwiththecenterbodyyieldedhigherpressurere-
coveriesthanwereobtainedwithcenterbodybleedalone.However,by

@ eliminatingcenterbodybleedflowentirelyandusingonlythefloorbleed,
evenfurtherimprovementsin inlettotalpressurewererealized.A mS,X-

imumpressurerecoveryof48percentwasobtainedusingthefullfloor* bleedconfiguration,representinga 37percentincreaseovertheoriginal
no-bleedcase. Itis indicatedthatboundary-layeraccumulationinthe
cornersofhalf-conicalinletsisverydetrimentalto subsonicdiffuser
pressurerecovery.

Whileit islikelythatfurtherimprovementscouldhavebeenrealized
withfloorbleedsectionsextendingfartherdownstreamIntothediffuser,
itisverydoubtfulthatthepressurerecoverycouldhavebeenincreased
to thatobtainedwithexternalboundary-layerremovalaheadoftheinlet
(i.e.,about62percent).Itisnotedinfigures9 and10 (andin sub-
sequentbleedperformancefigures]thatthebleedmassflowdidnotvary
inproportionto theamountofbleedsurfacearea. Whilethiseffectis
notcompletelyunderstood,thepossibilityof chokinginthebleedducting
maybe definitelydismissedinasmuchas theMachnumberintheminimumarea
sectionsof theductingrarelyexceeded0.4.

Figures11 and12 presentinletperformancedatawithseveralinternal
centerbodybleedarrangementsforvariousamountsofexternalboundary-
layerremovalprotidedby 30°wedgesin theforwardposition(l/d,O)and
50°wedgesintherearwardposition(2/d,0.48),respectively.Suction
onthefloorofthemodelwasnotattemptedforthecasesof external
boundary-layerremoval(h/b> 0);withthewedge-typebourdary-layer-

● removalconfigurations,bleedingfromthefloorwouldhaverequiredduct-
ingbetweentheinletfloorandthemainboundary-layerplatewhichwould
haveobstructedthewedgeremovalsurface.Inleth

1
a~e~

-.
4

performancewith
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internalcenterbodybleedforeachexternal.boundary-layer-removalcon-
figurationis comparedwiththeno-bleedcaseobtainedwhenthesolidor
nonporouscenterbodyinsertwasused.

r

Forthe30°wedgeremovalconfigurationoffigure11,itisnoted
thattheinsertionofbleedsurfacesgenerallyloweredtheno-bleed-flow
performance,particularlyat thehighervaluesof h/8. Whileinternal
bleedimprovedthediffuserrecoveryovertheno-bleed-flowcase,the

—

peakpressurerecoveryneverexceededtheoriginalperformance.In con-
trasttotheresultspreviouslynotedforthecaseofno externalboundary- ~

m

layerremoval,thereductionof’pressurerecoveryby insertionofbleed m
surfaceswasnotdirectlyattributabletotheroughnesscausedby the .—

porousbleedsection,inasmuchas theadditionofa stripof roughness
to theoriginalmodeldidnotaffecttheperfomuance.Thelossofpres-
surerecoveryismorelikelyduetotheeffectiveabruptchangeinflow
areadistributioncausedby thevolumeoftheplenumchaniberbeneaththe
porousbleedsectionandtheconsequentpossibilitythatrecirculationof
airthroughthebleedsurfaceinterfereswiththepositioningoftheter-
minalshock.Inasmuchasthecenterbodybleedconfigurationsdidnot
substantiallyimprovetheover-allinletpressurerecovery,thepotential
usefulnessofthecenterbodybleedconfigurationsisprobablyrestricted
tothatofservingasa bypassforengine-inletmatching;itisnoted

*

thatsucha bypasswouldgenerallymaintainorimprovethediffuserpres-
sure level. r

Itwasindicatedpreviouslyinfigure10 thatthepressurerecovery
gainsusingcenterbodybleedwererelativelypoorin comparisonwiththat
whichcouldbe o~tainedusingfloorbleedat h/5 of O. Itislikely
thatfloorbleed(orremovaloftheboundarylayerinthecornersofthe
inletwithan internalscoop}wouldalsohavebeenmoreeffectivethan
centerbodybleedwhencombinedwithexternalboundary-layerremovalahead _ _
oftheinlet.

Thedataoffigure12 forthe50°wedgeremowd.systemindicate
essentiallythesameresultsaswerenotedforthe30°wedgeconfigura-
tionsandthereforewillnotbe discussed.Inanattempttoimprovethe
inletstabilitycharacteristics,oneadditionalconfigurationwastested.
Thespiketipwasperforatedwitha seriesof48holesof0.041-inch
diameter(seefig.2)intheregionoftheinletlip. Theseholeswere.
thenconnectedtotheforwardcenterbodybleedsectionsothatsuction
couldbe appliedtotheforwardsectionsofthespikeas wellas inthe
constant-areathroatregion.Thisconfigurationdidnotimprovethe
subcriticalstabilitynordiffuserperformance,althoughslightlymore
flowwasbledthanwiththebleedsectionalone.

—

Thetotal-pressurerecoveryofthebleedairispresentedinfigure
13. Theseresultswereobtainedfromcontinuityrelationsusingtheknown

*

bleedmassflowandthestaticpressureat themanifoldsections.In
a
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figure13(a)forthecenterbody-bleedconfigurations,thevariationof
bleedpressurerecoverywith h/5 forthetwotypesofwedgeremoval

●

followedthevariationsintotalpressureofthemainduct,althoughat
a lowerlevel.(Forexample,itwillbe notedthatforthe50°wedge
configuration,themaximumpressurerecoveryofboththemainductand
thebleedoccurredat h/5 of 0.793.)Theselossesaretobe expected
inasmuchas lossoftotalpressurewouldoccuracrosstheporousscreen
andalsobecausethelowerenergyairof themainductflowwasremoved.
Thedataoffigure13(a)wereobtainedfortheforwardbleedsections
butarequiterepresentativeinasmuchas onlysmallvariationswith
locationofbleedsectionoccurredwithcenterbodybleed.Thedataof
figure13(b)forthefloor-bleedsectionsindicatethata variationof
recoverywasobservedwithlocationofbleedsurface.It isobserved
thatlowerpressurerecoverieswereobtainedwiththerearwardandfull-
bleedsections,indicatingthatlowerenergyairwasbeingremovedand
therebyofferingan explanationforthebetterinletperformancenoted
withthesebleedsections.Itisalsoobservedthatthefloorbleed
pressurerecoverywaslowerthanhadbeenobtainedwithcenterbodybleed
at h/b of zero,perhapsexplainingthehigherdiffuserpressurere-
coveryobtainedusingfloorbleed.

a
Thetotalpressuresof thebleedflowoffigure13maybe considered

equivalenttothestaticpressureInthebleedductinginasmuchas the
* flowwasoflowvelocity.Inanactualinstallationtheamountof

throttlingof thebleedflownecessarytoproducethepeakpressure
recoveriesgivenhereinmaybe obtainedinthefollowingmanner:The
bleedmass-flowratio~/~ maybe obtainedby subtractingtheinlet
mass-flowratioat thedesiredoperatingpointfromthesupercritical
inletmass-flowratiowithnobleedflow. Figure13(a)or (b),depend-
inguponthebleedconfQuration,maythenbe usedto estimatethestatic
pressureinthebleedductingforthisvalueof bleedmassflow.

.

InletPerformancetithFlowInjectiononExternalCompressionSurface

A lmted investigationof inletperformancewasobtainedtiththe
two-piecespiketipoffigure5. Thisphaseof thestudywasinitiated
undertheassumptionthatoneofthepossiblecausesof inletbuzzwas
theinherentinabilityofboundarylayeron theconicalcompressionsur-
facetoremainattacheduponpassingthroughtheterminalshockstructure
oftheinlet.Withthetwo-piecespiketip,itwaspossibleto inject
high-pressureair(ductedfromtheatmosphere]alongthesurfaceofthe
secondcompressioncone.Thein~ectionsystemwasdesignedtoaddenergy
to theboundarylayerandthereforeto decreaseitstendencytowardse-
parationuponpassingthroughtheinletterminalshock.

a
Inletperformancedatawithflowinjectionarepresentedinfigure

14forseveralvaluesof externalboundary-layer-removalparaneterh~~.
.

—

—



10

Fortheseteststheforwardcenterbodybleedsectionwas
noflowwasbled. Thespikegapwasvariedinstepsfor
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k
installedbut
eachvalueof. -– . .

h/b,andthedatareportedcorrespondto thosespikegapsforwhichthe
lowestvalueofstablemassflowwasattained.Thesespikegapswere
0.010,0.015,and.O.025inchforvaluesof h/b of1.055,0.793,and
0.262,respectively.Injectiondatayresentedcorrespondtothemaximum
flowinjectionrate(obtainedwhenthethrottlingvalvewascompletely
opened)andtoa smallerinjectionratedefinedas theminimuminjection
ratewithwhichstableoperationcouldbetiintained. .-

Thedataoffigure14 indicatethattheuseofflowinjectionwas
somewhatsuccessfulindelayingtheonsetof inletbuzz.Stablesub-
criticalmass-flowspillagesof 24,17.5,and49percentofthecritical
massflowswereobtainedatvaluesof h/5 of1.055,0.793,and0.262,
respectively.Typicalshadowgraphsoftheflowintheregionoftheinlet
arepresentedinfigure15fortheinjectionconfiguration.Photographs
presentedcorrespondto su~ercriticalinlet.operationwithnoflowin-
jectionandtostablesubcriticaloperatingwithinjection.

An examinationoftheinjectionconfigurationpressurerecovery
dataoffigure14 indicatesthatwhilelittleornolossinmaximumpres-
surerecoverywasincurredwheninjectionwasapplied,themaximumpres-
sure recovery levels fortheinjectionconfigurationsareconsiderably
lowerthanthoseobtainedwiththeoriginalspiketipof figure IL.
Specifically,theinjectionconfigurationssufferedtotal-pressure-ratio
lossesofapproximately0.040,0.010,and0.002atvaluesof h/5 of
1.055,0.793,and0.262,respectively,incomparisonwiththeoriginal
spiketipconfigurationshavingforwardcenterbody-bleedsurfacesand
zerobleedflow.Thiseffectisprobablya functionofthelocationof
thecompressionsurfaceobliqueshocksrelativetotheinletface.

An exampleoftheeffectsofinletshocklocationis indicatedin
figure16. Presentedistheperformanceobtainedwiththeinletat h/6
of1.287with50°wedgeremoval.Theforwardcenterbodybleedsection
wasintheinletthroatbutnoflowwasbled. Comparedaredatafor
theoriginalspiketipandthetwo-piecespiketipwithgapfullyclosed.
Withtheoriginalspiketip,bothfirstand..secondobliqueshockspassed
justupstreamoftheinletlip. C~osingthespikegapallowedthefirst
obliqueshockto comeclosertotheinletlip,whilethesecondoblique
shockapparentlyfelljustinsidetheinletlip. ‘Whiletheinletmass-
flowratioincreasedslightlywhenthegapwasclosed,thecriticaltotal-
pressurerecoverydecreasedalmost0.070.Thelossesof criticaltotsl-
pressurerecoverypreviouslycitedforfigure14were notsolargeas
0.070,presumablybecauseofthemorefavorableshockconfigurationas-
sociatedwiththelargerspikegaps.

Similareffectsofinletshocklocationwerenotedinreference4
fora single-shock,conical-noseinlet,althoughthereductionofpressure

—
...—-
.- 1$

N-1

_-

—

—

A

—. —

—
recoverywasnotsolargeas observedherein. “
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Theratioof thestaticpressureofthein~ectedair(measuredjust
beforeitenteredthespikegap)tofree-streamstaticispresentedin

k figure17. Alsogivenarethetheoreticalvaluesofthestatic-pressure
ratioonthesecondcompressionconeandbehindtheterminalshockof
theitilet.It isnotedthatwhilethemeasuredinjectionpressures
exceededthoseonthesecondcone,itwasnotnecessarythattheinjected
flowstaticpressureequalthepressurebehindthenormalshockforsta-
bilizationto occur.

Onthebasisof thesepressureratiosandthearearatiospresented
earlier,itisevidentthatthegapexitwaschoked)atleastformaximum
injection.Fortheseconditionstheinjectionmass-flowratiosbased
oninletcaptureareawere4.2,2.8,and2.2percentfor h/8 valuesof .
0.262,0.793,and1.055,respectively.

Inan actualturbojetinstallationneitherinternalbleednora
scoop(intheregionsconsidered)couldprovidethemaximuminjection
pressureratiospresentedinfigure17. Forexample,90percenttotal-
pressurerecoverywouldbe requiredtogivethepressureratiocorrespond-
ingtothemaximuminjectionratefor h/b of1.055.However,theuse
of compressorbleedoran auxiliarypumpcouldraisethepressurelevelm tothedesiredrangeandpassthesmallamountofairrequired.Inlet
total-pressurerecoverywithinjectionmightbe maintainedat a high
levelby keepingthecompressionshocksfromfallingwithintheinlet.s

SUMMARYOFRESULTS

An experimentalinvestigationto studytheeffectsofvarious
methodsofboundary-layercontrolonthepressure-recovery,mass-flow,
andstabilitycharacteristicsofa half-conical,double-shock,external-
compressionsideinletatMachnumber2.96yieldedthefollowingresults:

1. Inlettotal-pressurerecoverywasincreasedasmuchas 37percent
by theuseoffloorbleedforthecaseof zeroexternalboundary-layer
removal.Nevertheless,theincreasedpressure-recoveryperformanceob-
tainedwithfloorbleed(0.48)wasstillconsiderablylowerthanthat
obtainedwithexternalboundary-layerremoval(0.62).

2.Bleedingfromthecenterbodydidnotappreciablyimprovetheover-
allinletpressurerecovery.

3. Subcriticalstabilitywasincreasedwhenhigh-pressureairwas
injectedalongthesurfaceofthesecondcompressioncone. Itwasindi-
catedthatcompressorbleedairoran auxiliarypumpcouldprovidethe
necessarypressureandmass-flowratios.a

LewisFlightPropulsionLaboratory.
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,.November17,1954
cR~ --

●
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(b) Cross sectionof two-piece epike tip.

Figure 5. - Photographand schematicdrawing of two-piece spike tip.
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(a)Supercriticalinletoperation.No inJection.

(b)Subcriticalstableoperation.Flowtn~ection.

Figure15.- Shadowgraphpicturesofflowinregionof inlet.
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